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ABSTRACT
The effect of 120-180 μm quartz sand on the mechanical properties, water absorption, thermal conductivity
and porosity of foam concrete is studied in this paper. The results show that the addition of quartz sand can
effectively enhance the compressive strength of foam concrete, but it will increase the thermal conductivity of
foam concrete and reduce the thermal insulation performance of foam concrete. However, when the amount
of quartz sand is 50%, foamed concrete has excellent comprehensive properties.
1. INTRODUCTION
Foam concrete (FC) is a kind of lightweight porous
thermal insulation material prepared by physical
foaming method which is mixing foaming agent with
water solution, then mixing foam with cement slurry,
and pouring it into a mold to maintain it for a
specified age [1,2]. Foam concrete owns
outstanding advantages such as light weight, heat
preservation and heat insulation [3,4], its dry density
can be adjusted from 300 to 1600 kg/m3as required
[5]. Because of its large span of dry density and
excellent properties, foam concrete can be used as
non-load-bearing, semi-structural and structural
materials [6] in the application fields of partition
walls, panels, walls, blocks, heat insulation, filling
and leveling [7,8].
At present, the effect of admixtures and fine
aggregates on the properties of foam concrete is
one of the research hotspots of foam concrete [9].
The study of Yong-gui Chen et al. [10] about the
performance and application of fly ash in foam
concrete as backfill showed that replacing a certain
proportion of cement with fly ash was beneficial to
the strength of foam concrete. The compressive
strength of samples soaked in sulfate was higher
than that of control samples without fly ash, so the
addition of fly ash could improve the performance of
foam concrete as backfill [11]. Ahmed et al. [12]
conducted a study on the replacement of cement by
palm oil fuel ash to synthesize foam concrete, and
found that the highest compressive strength and
uniform pore structure appeared when palm oil fuel
ash replaced 20% of cement. In addition, palm oil
fuel ash can also replace sand to produce
sustainable lightweight foam concrete. The research
results of Abdullah et al. [13] show that replacing
sand with palm oil fuel ash can improve the pore
size distribution of foam concrete, reduce the
average pore size, as well as the water absorption
and thermal conductivity of foam concrete. A recent
study by Fuat Koksal et al. [14] showed that the
addition of expanded vermiculite powder will reduce
the water absorption and thermal conductivity of
foam concrete, which is beneficial to the thermal

insulation performance of low-density grade foam
concrete, but it will also significantly reduce the
strength of foam concrete. Therefore, the addition of
silica fume can compensates for the negative
effects of the expanded vermiculite powder on
strength. Though there are many studies on the
influence of solid waste admixtures such as fly ash
on the performance of foam concrete, there are
relatively few studies on the influence of other fine
aggregates such as quartz sand on the performance
of foamed concrete.
In this paper, foamed concrete with different dry
density was prepared with fine quartz sand as
aggregate and the influence of quartz sand on the
performance of foamed concrete was discussed.
2. MATERIALS AND METHED
2.1 Cement and quartz sand
Portland cement (P·O 42.5) produced by Shandong
Shanshui Cement Co., Ltd. was used in the
experiment. Table 1 and Table 2 serve as the
physical properties and chemical composition of
cement respectively.
Quartz sand with a particle size of 120-180μm is
selected.
Table 1. The Physical Properties of the cement

Specific
area/(m2·
kg-1)
345

Setting
time/min

Compressive strength /MPa

Initial

Final

3d

7d

28 d

64

224

22.05

31.25

46.8

Table 2. Chemical composition of the cement
Component

SiO2

CaO

Al2O3

Fe2O3

MgO

Content

21.72

53.44

8.39

2.32

3.88

Component

K2O

Na2O

TiO2

SO3

Others

Content

0.74

0.30

0.48

4.32

4.41

2.2 Foaming agent and foam stabbilizer
Animal and plant compound protein foaming agent
was selected, with a foaming multiple greater than
30 times, a pH value of 7 (±0.5), and a dilution ratio
of 1:60. The foam stabilizer used in the experiment
was hydroxypropyl methylcellulose ether (HPMC),
its molecular weight is greater than 100,000. HPMC
usage was 1% of the foaming agent used.
2.3 Experiment methed
Firstly, according to the preset mixing ratio, mix
cement and quartz sand are mixed to obtain mortar
with a certain fluidity. Then the prepared foaming
agent solution is put into foaming machine to
prepare uniform and stable bubbles. foam with
uniform size.
Finally, the foam required proportion is added into
the cement mortar, stirred evenly, poured the slurry
into the mold. After demoulding, the spamples are
cured at 20 (± 0.5) ℃ and 90% humidity to the
specified age for performance test of foam concrete.
2.4 Test methods
The dry density, water absorption and compressive
strength of foam concrete are measured according
to JG/T 266-2011 [15], and the thermal conductivity
of foam concrete is measured according to GB/T
10294-2008 [16].The specific test methods of each
performance of this experiment refer to the literature
[17].
2.4 Mix proportion
According to the foam concrete mix design of Li et al
[18]. First, the water cement ratio of this experiment
is fixed to 0.45. Secondly, three different proportions
of cement and foam agent are set up, represented
by CF1, CF2 and CF3 respectively. Finally, the foam
concrete is prepared by mixing quartz sand with
25%, 50%, 75% and 100% cement, and the
influence of quartz sand on the strength, dry density,
thermal conductivity and porosity of the foam
concrete is studied. Table 3 is the mix proportion of
foamed concrete prepared experimentally.
Table 3. Mixture proportions (kg/m3 ).
Code

Cement

Quartz
sand

Foam

Water

CF2-50

666.67

333.33

26.67

300

CF2-75

666.67

500

26.67

300

CF2-100

666.67

666.67

26.67

300

CF3-0

833.33

0

19.59

375

CF3-25

833.33

208.33

19.59

375

CF3-50

833.33

416.66

19.59

375

CF3-75

833.33

625

19.59

375

CF3-100

833.33

833.33

19.59

375

3. RESULES AND DISCUSSION
3.1 Influence of quartz sand on strength and dry
density of foam concrete
The proportion of cement to foam is different, and
the properties of the foamed concrete are different.
The main factors affecting the properties of the
same porous material are porosity, the higher the
density, the lower the porosity and the higher the
strength. The effect of quartz sand on the strength
of foam concrete is shown in Fig. 1.
As can be seen from Fig. 1 (CF1), when the quartz
sand mixture is of 25%, the compressive strength of
the foam concrete is reduced compared with the
control group by 30.5%, and by 50%, however,
when the quartz sand mixture is of 75% and 100%,
the foam concrete compression strength is slightly
higher than that of the control specimens. Therefore,
For CF1 series foam concrete, when the quartz
sand content is above 50%, although it will not
reduce the compressive strength of the foam
concrete, but the increase is small, and the strength
is even lower than that of the control group when the
amount of silica sand is less than 25%. Fig. 1 (CF2)
and (CF3) indicate that the compressive strength of
CF2 and CF3 series foam concrete increases
significantly with the increase of quartz sand content.
In addition, the influence of the amount of quartz
sand on the dry density of foam concrete is also
studied. The results are shown in Fig. 2.
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Figure 1. Effect of quartz sand content on compressive strength
of foam concrete.
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Figure 2. Effect of quartz sand content on actual dry density of
foam concrete.

Fig. 2 (CF1) and (CF2) are the effects of the amount
of quartz sand on the actual dry density of foam
concrete. It is primarily found from the figure that
when the content of quartz sand is lower than 50%,
the dry densities of the foam concrete vary slightly
at around 600 and 800 kg/m3, respectively. However,
when the content of quartz sand is more than 50%,
the dry density of foam concrete increases in a
variable manner. When the content of silica sand is
100%, the dry density of foam concrete is 900 and
1100 kg/m3 separately. There are two reasons for
the sudden change of dry density grade. One is that
the excessive content of quartz sand lead to the
proportion of solid volume in foam concrete system
increases so the dry density increases. On the other
hand, when the content of quartz sand is too high,
because the particle size of quartz sand is larger
than that of cement, mixing with foam will greatly
reduce the stable existence time of foam and
increasing the probability of foam merging,
eventually leading to the increase of dry density of
foam concrete system.
3.2 Influence of quartz sand on thermal
conductivity of foam concrete
For lightweight thermal insulation materials, thermal
conductivity is one of the important indicators to
measure its thermal insulation performance.
Generally speaking, the thermal conductivity of
foamed concrete is between 0.08-0.25 W/(m·K) [19].
Due to the high thermal conductivity of quartz sand
itself, incorporating it into foam concrete will
theoretically increase the thermal conductivity of
foam concrete. Fig. 3 shows the actual effect of
quartz sand content on the performance of foamed
concrete.
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3.3 Influence of quartz sand on water absorption
and porosity of foam concrete
Due to the lightweight and porous characteristics of
foam concrete, the existence of internal
interconnected pores will reduce the strength and
thermal conductivity of foam concrete, hence this
paper studies the water absorption and porosity of
foamed concrete.
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It can be seen from Fig. 5 that the thermal
conductivity of foam concrete is increased by adding
quartz sand to different density grades of foam
concrete. The thermal conductivity of CF3 series
foam concrete is most sensitive to the amount of
quartz sand. The most obvious change is that the
thermal conductivity of foam concrete rises to
0.3317 W/ (m·K) when the dosage of quartz sand is
100%. The thermal conductivity of CF1 and CF2
series foam concrete blocks increases with the
amount of quartz sand. When the content of quartz
sand is 100%, the thermal conductivity increases to
0.2W/ (m·K), and still meets the requirements of the
national standard JG/T 266 - 2011.
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Figure 3. Effect of quartz sand content on thermal conductivity of
foam concrete.
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Figure 4. Influence of quartz sand on water absorption of foamed
concrete.

Fig. 4 shows the effect of quartz sand content on the
water absorption of foamed concrete. The change of
water absorption rate is shown in Fig. 3. For CF1,
with the increase of quartz sand content, the water
absorption of foam concrete will increase first and
then decrease. When the amount of quartz sand is
25%, it has the highest water absorption rate.
Combined with Fig. 5 (CF2), the reason for the
highest water absorption rate is that when the
amount of quartz sand is 25%, the proportion of
connected pores of foam concrete is the highest.
This leads to the highest water absorption. When
the content of quartz sand continues to increase, the
water absorption decreases gradually due to the
decrease of connecting pores. The water absorption
of 800 kg/m3 dry density test block in Fig. 4(CF2)
generally shows a downward trend, which is
consistent with the change trend of connected
porosity in Fig. 5 (CF2). In Fig. 4 (CF3), the mass
water absorption rate of 1000 kg/m3 dry density
foam concrete block decreases with the increase of
quartz sand content. When the amount of quartz
sand is above 25%, the volume water absorption
rate of foam concrete is higher than that of mass
water absorption. This is due to the fact that the dry
density of foam concrete is higher than that of 1000
kg/m3.
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Figure 5. Effect of quartz sand content on porosity of foam
concrete

Fig. 5 shows the influence of the amount of quartz
sand on the porosity of foam concrete. From Fig. 5,
it can be seen that the porosity of three foam
concrete increases with the increase of quartz sand
content, showing a decreasing trend. The reasons
for this change in porosity are the same as for the
reduced dry density.
3.4 Relationship between porosity and thermal
conductivity
As a porous cement-based material, foam concrete
has a certain relationship with its thermal
conductivity and porosity. Fig. 6 is a diagram of the
relationship between thermal conductivity and total
porosity / closed porosity of foam concrete.
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Figure 6 Relationship between thermal conductivity and porosity
of foam concrete

Firstly, according to Fig. 6 (a), the thermal
conductivity decreases with the increase of porosity,
and this change trend is most obvious in CF3 series.
For CF Series II, when the porosity increases to
45-50%, the thermal conductivity decreases to less
than 0.152. In addition, it can be seen from Fig. 6 (b)
that the change relationship between closed
porosity and thermal conductivity is consistent with
the change relationship between total porosity and
thermal conductivity. It can be seen that closed
porosity makes a major contribution to enhancing
thermal insulation performance. The larger the
proportion of closed porosity, the lower the thermal
conductivity, and the higher the thermal insulation
performance of the material.
3.5 SEM of foam concrete
The effect of quartz sand on the microstructure of
foam concrete is shown in Fig. 7. From Fig. 7, it can
be seen that when the amount of quartz sand is
100%, it has a good dispersion effect in foam
concrete. At the same time, it can be seen from the
high-power scanning electron microscopy diagram
that the coagulation material in quartz sand and
foam concrete has a high adhesion, which is the
main reason why quartz sand can enhance the
compressive strength of foam concrete.

New Universities" Project
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Figure 7. SEM of foam concrete

3. CONCLUSIONS
In this paper, the effects of quartz sand content on
mechanical properties, water absorption, porosity
and thermal conductivity of foam concrete are
studied by adding fine quartz sand. Based on the
experimental results, the main findings are as
follows:
·Quartz sand has no obvious effect on the
compressive strength of CF1 series foam concrete,
and the compressive strength of CF2、CF3 series
foam concrete is obviously enhanced. The strength
of CF3 series foam concrete specimens with quartz
sand content ranging from 25% to 75% is similar,
and the strength is 59% higher than that of the blank
group.
·When the content of quartz sand is higher than
50%, the dry density of foam concrete increases
obviously, and the porosity gradually decreases.
·The addition of quartz sand will increase the
thermal conductivity of foam concrete, but it is still
within the requirements of China National
Standard[18].
·The influence of the comprehensive amount of
quartz sand on the properties of foam concrete,
when the quartz sand content is 50%, has higher
compressive strength, and the thermal conductivity
and water absorption rate are all better.
Acknowledgement
The work is supported by National Natural Science
Foundation of China (52178211), and Jinan "20

1. Zhou X.J., Xian G.D., Wang Z., et al., 2021.
Study on properties of foam concrete with high
strength and low thermal conductivity. Silicate
notification, 40(04): 1186-1192.
2. Cai D.G., Wei S.W., Ye Y.S., et al., 2021.
Mechanical properties of lightweight foam
concrete filler for roadbed of high-speed railway.
Arabian Journal of Geosciences, 14(10): 1-10.
3. Amritha, Sathyan, Dhanya, Mini, M K., 2019.
Physical and functional characteristics of foam
concrete: A review. Construction and Building
Materials, 221: 787-799.
4. Tian, W, et al., 2009. "Application of Foamed
Concrete in Road Engineering." International
Conference on Transportation Engineering .
5. Mugahed Amran Y.H., Nima Farzadnia, Abang
Ali A.A., 2015. Properties and applications of foam
concrete; a review, Constr. Build. Mater, 101: 990–
1005.
6. Koksal F., Sahin Y., Gencel O., 2020. Influence
of expanded vermiculite powder and silica fume on
properties of foam concretes. Construction and
Building Materials, 257: 119547.
7. Priyanka E., Sathyan D., Mini K.M., 2021.
Functional and strength characteristics of EPS
beads incorporated foam concrete wall panels.
Materials Today: Proceedings, 46: 5167-5170.
8. Shi X., Huang J., Su Q., 2020. Experimental
and numerical analyses of lightweight foam
concrete as filler for widening embankment.
Construction and Building Materials, 250(9):
118897.
9. Li J., Chen Z., Chen W., et al., 2020. Seismic
performance of pre-cast self-insulation shear walls
made by a new type of foam concrete with high
strength and low thermal conductivity. Structures,
24(10): 124-136.
10. Chen Y.G., Guan L.L., Zhu S.Y., et al., 2020.
Foam concrete containing fly ash: Properties and
application to backfilling. Construction and
Building Materials, 273(2): 121685.
11. Yue L., Bing C., 2015. New Type of Super
Lightweight Magnesium Phosphate Cement
Foamed Concrete. Journal of Materials in Civil
Engineering, 27 (1): 04014112.
12. Alnahhal A.M., Alengaram U.J., Yusoff S., et al,
2021. Synthesis of Sustainable Lightweight foam
concrete Using Palm Oil Fuel Ash as a Cement
Replacement Material. Journal of Building
Engineering, 35(4): 102047.
13. Al-Shwaiter A., Awang H., Khalaf M.A., 2022.
Performance of sustainable lightweight foam
concrete prepared using palm oil fuel ash as a
sand replacement. Construction and Building
Materials, 322: 126482.
14. Koksal F., Sahin Y., Gencel O., 2020. Influence
of expanded vermiculite powder and silica fume on

properties of foam concretes. Construction and
Building Materials, 257: 119547.
15. JG/T 266-2011, Foam concrete [S].
16. GB/T
10294-2008,
determination
of
steady-state thermal resistance and related
characteristics of thermal insulation materials,
protective hot plate method [S].
17. Zhang X.Z., Yang Q., Shi Y.Y., et al, 2020.
Effects of different control methods on the
mechanical and thermal properties of ultra-light
foamed concrete. Construction and Building
Materials, 262: 120082.
18. Li Y Q, Zhu L D, Li J L, et al, 2011. Design of
mix proportion of foam concrete. Journal of
Xuzhou Institute of Engineering (NATURAL
SCIENCE EDITION), 26(02): 1-5 + 90.
19. Hu X.P., Li X.Y., Han B.Q., et al, 2014. Study on
thermal conductivity and strength of foam concrete.
Silicate bulletin, 33(11): 6.

